This study carried out in Douala City, was to determine the seasonal variations of groundwater, the influence of the rock formations on the groundwater solute chemistry and groundwater domestic-agro-industrial quality using hydrogeochemical tools and physicochemical parameters, Ionic ratios, Gibbs diagrams, Piper diagrams, Durov diagrams and water quality indices. From physicochemical parameters, in the rainy season, pH ranged from, 4.6 -7. 
simple dissolution and uncommon dissolution processes determined groundwater character. Groundwater ionic content was as a result of ion exchange from rock-weathering. Water types are; MgCl and MgHCO 3 in both seasons. Hydrogeochemical facies are; Ca-Mg-Cl-SO 4 , characteristic of groundwater some distance along its flow path and Ca-Mg-HCO 3 , characteristic of freshly recharged groundwater from precipitation. The groundwater indices of Sodium Percent (% Na), Residual Sodium Carbonate (RSC), Kelley's ratio (KR), Sodium Adsorption Ratio (SAR), Electrical Conductivity (EC), Total Dissolved Solid (TDS), USSL and Wilcox index were determined, evaluated and found to be suitable for agro-industrial uses in all seasons.
Introduction
Douala situated between latitude 4.00 -4.15 and longitude 9.65 -9.95, is the economic capital of Cameroon in the Littoral Region hosts more than 80% of the industries in the Country. It is divided into districts: Akwa, Bassa, Bonaberi, Bonapriso, Bonanjo, Deïdo, NewBell, Akwa North, Madagascar, Yassa, Nyalla, Logbaba, Ndogsimbi, Ndokoti, Ndogpassi, Cite Sic, Logpom as in Figure 1 . The city handles most of the country's major exports, such as palm oil, cocoa, coffee, timber, metals, fruits. Rivers, spring and wells represent the major sources of water supply to the inhabitants and animal population in the tropical zones and their pollution constitute serious health risks. According to [1] , Douala rests directly on unconsolidated alluvial deposits, hosts the largest urban population in the country with a population density of 350 persons per km 2 . Inadequate supply of pipe-borne water with only 65.000 persons connected out of 3 million inhabitants pushes the population to depend on groundwater. In Douala, groundwater is the major source of water supply for a large part of the population. The soils vary from yellow through brown to black freely drained sandy, ferralitic soils sandy at the base and sandy-clayey at the top soils [2] . Smaller tributaries like rivers Tongo, Bassa and Ngoua feed major rivers Wouri and Dibamba, which eventually empty in the Atlantic Ocean. The area is characterized by a hyper humid equatorial climate modified by the relief of Mt Cameroon with two seasons, a rainy (April to October) and a dry season (November to March) [3] [4].
Thirty years of meteorological data from the national archive in Douala show that in the rainy season the average annual rainfall in the study area is 4000 mm/year, and the average monthly temperature is 33˚C according to [5] .
Geologic Setting of the Study Area
The Douala Basin covers some 26,500 km The successive Neocomian and Barremian sequences record two major phases of non-marine sedimentation and rifting, which culminated in the formation of a regional peneplain toward the end of the period. The Late Barremian peneplain was flooded by marine deposits of Aptian age that include thick sequences of salt. This early basin history is unrecorded in the Douala Basin as well as generally do not penetrate sediments older than Aptian. Nonetheless, the thick section below the level of Aptian penetration suggests that the non-marine successions recorded in the basins to the south are also present in the Douala Basin.
Salt occurs in the southern part of the basin which is Cretaceous in age and is interpreted to be Aptian by analogy with its dated equivalent in Gabon. The main rock types in Douala City include; sandstones, limestone, shale, and alluvium [6] as in Figure 2 . Regional stratigraphic and tectonics can be summarized in four main phases of evolution related to pre, syn and post-rift separation of Africa from South America [7] .
Materials and Methods

Materials
The field materials and equipment used in the study are listed in Table 1 . Ionic ratio for indicative elements is a useful hydrogeochemical tool to identify source rock of ions and formation contribution to solute hydrogeochemistry [12] . These were used in this study.
Gibbs Diagram is a plot of ( ) 2 3 Na Na HCO Ca This plot is a useful hydrogeochemical tool to compare water samples, determine water type and hydrogeochemical facies [13] . This has been used here for these purposes.
Durov diagram is a composite plot consisting of two ternary diagrams where the milliequivalent percentages of cations are plotted perpendicularly against those of anions; the sides of the triangles form a central rectangular binary plot of total cation vs. total anion concentrations. These are divided into nine classes by [14] which give the hydrogeochemical processes determining the character of the water types in the aquiferous formation [13] . Table 2 ).
The following softwares: Surfer 12, Global mapper 11 and AqQA 1.5 AGIS 10.3 were used for data presentation, interpretation, and analysis.
Results and Interpretation
Physicochemical Parameters
The physicochemical parameters of groundwater in Douala: Temperature, pH, EC and TDS for 212 wells evaluated as demonstrated in Table 3 . All physicochemical parameters vary with seasons indicating seasonal influence on the phreatic aquifer. Table 2 . Indices used in the calculation of water quality and irrigation water quality.
Formula Reference
Percentage of Sodium
Na K %Na 100 Na K Ca Mg
Kelly's Ratio 
Water Quality Index Figure 3 .
Groundwater Flow Direction
Groundwater flows towards the central parts of the study area during the wet season and dry season but during the dry season some water flows towards the Northwestern part as in Figure 4 . 
pH
The pH value of the groundwater samples in the study area ranged from 4.6 -7.1 in the wet season and 5 -7.2 in the dry season as in Figure 6 . This clearly shows that the groundwater in the study area is acidic to alkaline. mS/cm during the dry season as in Figure 7 . The high electrical conductivity is due to high solute concentration in water.
Total Dissolved Solids (TDS)
The total dissolved solids range from 0.02 -1.09 mg/L in the wet season and 0.01 -1.08 mg/L in the dry seasons in Figure 8 . 
Chemical Parameters of Groundwater
The results of the chemical analysis varied in both seasons as shown in Table   4 (a) and 
Gibbs Diagrams of Groundwater in Douala
The Gibbs diagrams were used. All samples plot in the rock-weathering dominance for both seasons. This indicates the mechanism contributing solute to groundwater in Douala is rock-weathering as in Figure 9 .
Groundwater Types
The diamond field of piper diagram has further been divided into seven fields classifying water types and designated with alphabets from A to G according to [13] . Using this classification, the water from the study area is distinguished into Table 6 . No samples plotted on field II and field III.
Durov Diagrams
Based on the classification of [14] : Six classes of processes occur in the rainy season; Class 1 recharging waters: 10 samples, 50%; Class 2 ion exchange water:
5 samples, 15%; Class 3 ion exchange water: 1 sample, 5%; Class 4: mixed water or water exhibiting simple dissolution: 7 samples, 35%, Class 5 simple dissolution or mixing: 4 samples, 20% and Class 6 probable mixing or uncommon dissolution influences: 2 samples, 10% respectively as shown in Table 7 . Six classes of processes occur in the dry season: Class 1 recharging waters: 1 sample 5%;
Class 2 ion exchange water: 2 sample 10%; Class 3 ion exchange water: 3 samples 15%; Class 46 30% mixed water or water exhibiting simple dissolution may be indicated; Class 5 simple dissolution or mixing: 1 sample 5%; Class 6 probable mixing or uncommon dissolution influences: 7 samples 35% respectively as in Figure 11 . There are no Classes 7, 8 and 9 in both seasons. 
Water Quality
Domestic Water Quality
Ionic content of water in the study area was used to evaluate groundwater suitability for domestic use: The recommended values are of the [26] guidelines. The quality guidelines for drinking water have been specified by [26] . The suitability of groundwater in the study area based on the water quality index WQI and total hardness H T have the values presented in Table 8 .
Water Quality Index (WQI)
The guidelines for permissible concentrations of ions in groundwater [26] were used to calculate WQI values [27] . Water Quality Index WQI is considered the most effective tool to convey the water quality information in its simplest form to the public [28] . WQI values in Douala City ranged from −2.8 -10.9 in the wet season and 8.8 -81.5 in the dry season. Groundwater in Douala is excellent to very poor for domestic use as shown in Figure 12 and presented in Table 8 .
Total Hardness
The total hardness of groundwater samples range from 5.13 -294.62 mg/L in the wet season and 42.63 -402.3 mg/L in the dry season as seen in Figure 13 . 60% of groundwater in the study area can be classified as soft, 20% fell in the moderately hard category, and 20% in the wet season is hard water that may be a potential health risk factor whereas in the dry season 15% of groundwater in the study area can be classified as soft, 55% fell into the moderately hard category, 15% is hard water and 15% is very hard [29] as presented in Table 8 . Open Access Library Journal
Water Quality for Irrigational Use
The important parameters which determine the irrigation water quality of the study area. . Spatial variation of total hardness in study area during wet and dry season; 60% of groundwater in the study area can be classified as soft.
Sodium Percent
Sodium along with carbonate forms alkaline soil; while sodium with chloride forms saline soil; both of these are not suitable for the growth of plants [30] . The quality classifications of irrigation water based on the values of sodium percentage [15] suggest that the groundwater of the study area is excellent-to-good and good-to-permissible category for both seasons as shown in Figure 14 , indicating the water is suitable for irrigation.
Sodium Adsorption Ratio
The USSL Salinity Hazard Classification to crop irrigation is measured by the specific conductance [31] . SAR values ranged from 0.01 -0.05 in rainy season and 0.0 -0.06 during the dry season as seen in Figure 15 . All the 20 groundwater samples fell in the S 1 class Table 8 for both rainy season and dry season considered suitable for irrigation. In the Wet season 3 samples 15% plotted in the very good field, 16 samples 30% potted in the good field and 1 sample 5% plotted in the doubtful field whereas during the dry season 9 samples 45% plotted in the very good field, 10 samples 50% plotted in the good field and 1 sample 5% plotted in the doubtful field as shown in Figure 16 and presented in Table 8 . 
Permeability Index
The classification of irrigation waters has been attempted on the basis of permeability Index [21] . The groundwater samples of the study area fell in class-I, II, and III as per Doneen chart, the groundwater samples of the study area are of good quality for irrigation except for 5 samples that plotted in the class III field in the wet season as shown in Figure 17 and presented in Table 8 . Figure 16 . Residual Salinity Hazard classification, Douala; The S 1 C 0 , S 1 C 1 , and S 1 C 2 make up the excellent, very good and good fields respectively. In the Wet season 3 samples 15% plotted in the very good field, 16 samples 30% potted in the good field and 1 sample 5% plotted in the doubtful field whereas during the dry season 9 samples 45% plotted in the very good field, 10 samples 50% plotted in the good field and 1 sample 5% plotted in the doubtful field. Figure 17 . FAO classification of groundwater for irrigation indicating that the water is suitable for irrigation in the dry season. It is that the samples plot in class I and class II field with 5 samples plotting in the class III field during the wet season.
Magnesium Adsorption Ratio
Magnesium adsorption ratio values ranged from 11 -100 in the wet season and 17.87 -79.32 in the dry season as in Figure 18 . Magnesium adsorption ratio less than 50% it is considered suitable for irrigation purpose. In the study area, 45%
of the samples are suitable for irrigation during the wet season whereas 40% of Open Access Library Journal the samples are suitable for irrigation during the dry season; 55% of the samples are unsuitable for irrigation during the wet season whereas 60% of the samples are unsuitable for irrigation during the dry season presented in Table 8 .
Residual Sodium Carbonate
The RSC values ranged from −3.79 -1 in the wet season and −5.38 -0.38 in the dry season as in Figure 19 . All the RSC values are <1.25 in the study area thus rendering the water suitable for irrigation in both seasons presented in Table 8 . Table 8 .
Discussion
There is a seasonal variation of temperature, pH, EC, and TDS as such the groundwater is in hydraulic connectivity with the atmosphere indicative of a phreatic aquifer. All the major ions fell below acceptable limits for both seasons [26] . From the ionic ratios there are additional sources of SO 4 
Conclusions
From the above data synthesis, all physicochemical parameters vary with season indicating seasonal influence on all the phreatic aquiferous formations:
The pH indicates that groundwater is acidic to alkaline in all seasons.
All ionic concentrations fall below acceptable WHO limits in all seasons.
Groundwater in Douala is made up of two water types: CaHCO 3 and MgCl. Permeability Index (PI) and Magnesium Adsorption Ratio (MAR) were not suitable in some areas and in some seasons.
